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Abstract: An approach for the suppression of artifacts in interconnects 
of neural prostheses is described. Micromachining technologies have 

been applied to develop - flexible multichannel electrodes with integrated 
interconnects. Often, electrodes were implanted on nerves with large 
muscles nearby. Artifacts from muscle activity could couple into the 
interconnect lines and disturb the small signals recorded from nerves. 
Therefore, we present a new generation of flexible electrodes with an 
electrical shielding of the interconnects. Simulations with a discrete 
cable model of the microdevices were performed. Additionally, a setup for 
in vitro measurements of interconnect properties in a physiologic 
environment was built up. Measurements of crosstalk between the lines and 
coupling of external signals were performed and compared with the 
simulations. Shielded interconnects as well as unshielded ones showed only 
small crosstalk between the lines in a physiologic saline solution. The 
coupling of an external potential ("artifact") into the interconnects could 
be reduced by 50% when the electrical shield was put to ground potential. 

(4 Refs) 
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Abstract: This paper describes a new interconnection wire method which 
allows versatile multiple strand connections between microsensors : sensor 
arrays and integrated circuits (IC) . The interconnection method is termed 
Micro Flex Interconnects (MFI) . One example for this technology is the 
connection of implantable , highly flexible neural micro devices to 
electronics for interfacing to the external world. The interconnection 
technique is based on a novel multilayer process using polyimide (Du Pont 
PI 2611) . The thickness of the polyimide structure ranges from 5 to 15 mu m 
including the insulation layers. Several metallization layers can be 
embedded in the material. This approach exhibits same advantages. The 
involved material is non-toxic and the ICs do not need any additional bond 
pad metallization. The MFI technique has been proven long-term stable. The 
metallization material can be chosen accordingly for electrodes, conducting 
lines, and connection pads. An commercial ball wedge bonder is the only 
equipment needed to perform the MFI method. (15 Refs) 
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Abstract: An implantable multiprogrammable microstimulator that is 
intended to restore normal bladder functions (retention and incontinence) 
to spinal cord injured patients is presented. The implantable 
microstimulator circuitry is externally controlled and is powered by a 
single encoded radio frequency carrier and has 4 bipolar (8 monopolar) 
independently controlled channels. It offers a higher degree of 
reprogrammability and flexibility and can be used in any neuromuscular 
applications. The implant system is adaptable to the patient's needs and 
to future developments in stimulation algorithms, without changing the 
implant. Features of the microstimulator include its capabilities to 
generate a wide range of waveforms and to combine up to 4 different 
programmable frequencies in each wave train; By using a forward error 
detection and correction communication protocol, the reliability of the 
implant is increased. The chip has been designed for structural testability 
by means of a scan-based test approach and uses circuit techniques to 
reduce power consumption and ensure long-term stability. (10 Refs) 
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Abstract: The main goal of our study is the design of a current source 
(CS) based on a miniaturized digital-to-analog converter (DAC) . The primary 
application of this device is a wide range of neuromuscular implantable 
microstimulators . Special attention is paid to design a flexible , 


compact and energy efficient circuit. A new design method is thus proposed. 
This method was applied to the design of a 5-bit, 3 mA peak current source, 
whose active circuit area is only 0.01 mm/sup 2/. This current source has 
been submitted for implementation in the 1.2 mu m CMOS technology offered 
by the Canadian Microelectronics Corporation. (6 Refs) 
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Abstract: Discusses how a little-known possibly hitherto unknown, 
fundamental property of inductively coupled oscillating circuits is being 
investigated by the Medical Research Council. It is being utilized to 
improve the operational flexibility of surgically implanted nerve 
stimulators. At the MRS 1 s Neurological Prostheses Unit in South London 
these microelectronic implanted stimulators are used to activate nerve 
fibres which, as a result of some disease or injury, are no longer in use. 
They give back the patient some degree of voluntary control over limbs or 
organs which have become paralysed. The author presents circuits for making 
inductively-coupled energy less sensitive to coil separation. (6 Refs) 
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Abstract: Infections of cerebrospinal fluid (CSF) shunts constitute a 
serious clinical problem. The role of adhesion by coagulase negative 
staphylococci, the most common etiological agent, was examined in vitro to 
polyvinyl chloride (PVC), silicone, and to PVC and silicone with end-point 
attached (EPA) heparin. These are flexible materials commonly used in 
neurosurgical implants . Bacterial adhesion was quantitated by 
bioluminescence . The bacterial adhesion to biomaterial surfaces increased 
with increasing concentrations of bacterial cells. Scatchard plot analysis 
showed continuous negative (concave) slopes, indicating multiple 
interactions between biomaterial and bacteria. The thermodynamic studies 
showed a, positive value of the standard entropy change at 37 degree C, 
which indicates that hydrophobic interactions are important in bacterial 
adhesion to polymers. Incubation with CSF for 1 h decreased bacterial 
adhesion in 75% of the samples compared to incubation in buffer. Thus, the 
contribution of CSF proteins, like fibronectin, for the initial bacterial 
adhesion might be small. Heparinization of silicone and PVC decreased the 
numbers of adhered bacteria by 23 to 54% and 0 to 43% compared to 
unheparinized surfaces. Among putative inhibitors tested, suramin, 
chondroitin sulfate, and fucoidan inhibited adhesion to 81 plus or minus 
19, 78 plus or minus 22, and 64 plus or minus 7%, respectively. These 
findings indicate that hydrophobic interactions play an important role, and 
heparinization rendering the biomaterial surface hydrophilic is therefore 
effective to reduce bacterial adhesion. Heparinized polymers incubated with 
putative inhibitors may be the optimal way to prevent shunt infections. 
(Author abstract) 36 Refs. 
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The main goal of our study is the design of a current-source based on 
a miniaturized digital-to-analog converter (DAC) . The primary application 
of this device is a wide range of neuromuscular implantable 
microstimulators . 

The circuit has to be highly flexible to fit a wide range of 
biomedical applications, energy efficient because power to the implant is 
extremely limited and above all, it must be very compact, because we would 
eventually like to use up to 32 output channels, or even more, on a single 
VLSI chip microstimulator implant. Moreover, since a DC level at the output 
is noxious for the body tissues, it is also important for us to minimize 
its effects. 

Our approach to the problem starts by analyzing the current-source 
biomedical application requirements. They are defined in terms of area, 
power consumption, output linearity and finally, tolerable DC level. We 
then propose a current-source design that could possibly reach these 
requirements, using CMOS technology. A DC level analysis is then performed 
to identify and neutralize the DC level and charge accumulation that have 
noxious effects on body tissues. This DC level analysis led us to propose a 
better transistor configuration for the current-source circuit. (Abstract 
shortened by UMI . ) 
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Biodegradable nerve guidance channels (NGCs) represent a promising 
alternative to current clinical nerve repair procedures. To be suitable as 
a NGC material, the polymer system should possess elastomeric properties 
and degrade at a defined rate without interfering with the regenerating 
environment. Polymers made of non-crystallizable blocks of 

poly [glycolide-co- (epsilon-caprolactone) ] -diol and crystallizable blocks of 
poly [ (R) -3-hydroxybutyric acid-co- (R) -3-hydroxyvaleric acid] -diol (PHB) can 
be modulated so as to respond to those criteria. Tubular structures were 


fabricated from three different types of materials containing either 41, 17 
or 8 wt% PHB. Nerve regeneration through a 10 mm long NGC using a 
transected sciatic nerve model with an 8 mm gap was studied in rats at 4, 
12 and 24 weeks. Out of 26 implanted NGCs, 23 contained regenerated tissue 
cables centrally located within the channel lumen and composed of numerous 
myelinated axons and Schwann cells. No significant difference in the degree 
of regeneration was observed between the various channel types. The 
inflammatory reaction associated with the polymer degradation had not 
interfered with the nerve regeneration process. Macrophages and giant cells 
surrounded polymer material remnants. A weight loss of 33, 74 and 88% for 
polymers containing 41, 17 and 8 wt% PHB was observed after 24 weeks by 
nuclear magnetic resonance (NMR) anaylsis, respectively. In all cases, the 
polymer fragments had a porous appearance with multiple surface cracks as 
evidenced by scanning electron microscopical analysis. Guidance channels 
made of 8 wt% PHB containing polymer displayed the highest degree of 
degradation at 24 weeks with only small polymer fragments remaining. The 
present study suggests that this new biodegradable elastomeric polymeric 
material holds promises for its utilization as nerve guidance channels. 
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This is a study of the reaction of large nerves to implantation using 
a flexible , thin-film cuff electrode. Cuff electrodes were implanted on 
the sciatic nerve of three cats. An implantation period of six weeks 
allowed sufficient time for any injury responses in the nerve and 
connective tissue sheath around the cuff to develop. The electrode came off 
the nerve in one of the cats. In the remaining two cats, gross observation 
following explantation of the electrodes revealed encapsulation of the 
cuffs without swelling of nerve tissue. Histological evaluation did not 
demonstrate nerve injury. The nerve cuff electrodes, which are comprised of 
titanium and iridium coatings on a fluorocarbon polymer substrate, appeared 
unaffected by the implantation, and connective tissue encapsulation did not 
adhere to either the polymer substrate or metallization. Evaluation of the 
electrodes using activated iridium oxide charge injection sites in more 
extended studies is now being undertaken.' 
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